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There is much evidence that mast cells are the
source of heparin (1, 2, 3). For this reason, the
behavior of mast cells and the possible role of
heparin have been of interest in the study of the
post irradiation hemorrhagic syndrome.
The significance of the "heparinemia" sug-
gested by Allen et at. (4, 5) as the primary cause
of post irradiation hemorrhage is now under
dispute, inasmuch as later investigations (6, 7)
revealed that prolonged clotting time was not a
constant finding in man and animals after total
body irradiation. Reeker et at. (8) and Cronkite
(9) showed that an increased vascular fragility
and thrombocytopenia were the essential factors
of the syndrome.
Recently, the controversy mentioned above
has led some workers (10, 11) to examine the
morphological changes of mast cells as the reflec-
tion of circulating heparin. These works demon-
strated the morphological or numerical changes
of mast cells after irradiation, and their possible
relationship to circulating heparin.
Previous work has been mainly concerned with
the effects of external irradiation with X-rays.
The effects of internally administered radioactive
substances on mast cells have not been reported,
except for the autoradiographic study. Our study
attempts to determine the effect of intraperi-
toneally injected H on the morphology of mast
cells in the skin of rats.
Experimental
A. Materials and Methods
1. Rats of 21 days of age were injected intra-
peritoneally with PH in the form of sodium
phosphate. The dose was constant at 4.5 micro-
curies per gram of body weight. This dose will
kill 50% of the rats within 30 days after injec..
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tion (12). Groups of rats of each age were killed
on the 1st, 2nd, 7th, 10th and 30th day after
injection. Appropriate numbers of animals were
used as controls. The ear was chosen as the tissue
for examination. The distal part of the ear cut
in the middle was used for staining and micro-
scopic examination after fixation in formol-alco-
hol solution for 24 hours. The tissue was cut at
5Ou and stained with 0.05% toluidin blue solu-
tion at pH 5. The mast cells were counted in
15 fields at magnification X 430 for each
specimen.
2. The quantity of inorganic phosphorus
(sodium phosphate) injected as a carrier was
calculated to be 1.9 micrograms in the 21 day
old animals. The effect of this quantity of inor-
ganic phosphorus was considered to be negligible.
B. Results
1. The numerical changes of mast cells: The
means of mast cell counts and the result of test
of significance are presented in the table. The
number of mast cells in the experimental groups
was observed to be lower than that of the control
groups. However, the decrease in the number of
mast cells was calculated to be not significant
statistically.
TABLE
Percentage decrease of the number of cells in 49 rats
(21 to 51 days of age) (C, control animals, p32
experimental animals)
istday
c 32
2ndday
C P3
7thday
C P2
i0thday
C pz
3Othday
Mean
Standard error
of the mean
t
P
43.5k9.7
0.55 8.5
0.66
—
41.4 38.5
4.1 4.6
0.46
—
30.1 28.1
4.8 3.1
0.36
—
31.9 24.6
2.7 4.9
1.2
—
28.0 25.1
3.1 5.0
0.52
—
2. The morphological changes of mast cells:
Typical mast cells in the ears of rats are small,
round, and very regular in size, shape, and stain-
ing (Fig. 1). Normally degranulation is sparsely
present, but so-called atypical cells are rarely
seen in the animals of this age (Fig. 2). After
injection, metachromatic granules became fewer
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in the small cells the first day and this became
more marked in the second day (Fig. 3). Dis-
persion of granules in the early specimens was
observed generally not to be associated with
disruption of the cells. In these cells, the more
superficially they were located, the less granules
they contained. Large and polymorphic cells
appeared in the few specimens in the second day
and most of the later ones (Figs. 4, 5). Elongated
mast cells resembling fibroblasts were also noticed
(Fig. 6). Vacuolisation, deformation and dis-
ruption of cells were most conspicuous in the
seventh and tenth days (Fig. 7). The granules
were discharged from the ruptured cells into the
surrounding tissues (Fig. 8). Large cells were seen
in the thirtieth day specimens.
Discu.ssion
The biological effect of beta rays, when ex-
ternally applied, is from one-third to one-fifth
that of X-rays (13). Hence, it is assumed that
these have similar effects on mast cells. However,
comparison of effects of X-rays with internally
administered beta rays may be difficult to make,
because of the entirely different way of penetra-
tion and distribution.
Whereas X-ray irradiation produces a rela-
tively uniform and homogeneous radiation pat-
tern throughout the body, there are wide dis-
parencies between the radiation dose received by
the various organs after p32 injection. The dis-
tribution of P after injection at various ages
has been investigated by Sikov et al. (12). They
estimated the radiation dose delivered to various
body components by integration under the con-
centration curves. At comparable times after
injection the bone showed the highest concentra-
tion of p32 and the skin-muscle the lowest con-
centration and thus lowest dose rate. Dose rate
was highest on the first post-injection day and
decreased thereafter. In the 21 day old animals,
the skin-muscle received approximately 170 rep
in the 7 day period after injection. The animals
which were 100 days of age at the time of injec-
tion received about 290 rep in this period.
In the present study, the number of mast cells
after injection was observed to decrease when
compared with the control animals of each group.
However, the decreased number of mast cells
was considered to be statistically not significant.
Including the observations both in man and
animals, an increase was reported by some
workers (14, 15, 16), whereas a decrease or lack
of change by others (10, 17). The reason for these
conflicting results is not known, except that the
technical difficulty involved in mast cell counting
is at least partly to blame. Often the individual
variations iii the number of mast cells, especially
in the experimental animals, is too great to
evaluate (10, 18). However, this cannot be con-
sidered the only cause of the conflict. An increase
of mast cells after irradiation was readily observed
in human tissues, even with gross estimation of
the routine microscopic sections (15, 16). There-
fore, the majority of the conflicting results in the
previous reports may be interpreted as real and
valid in each condition under which the observa-
tion was made.
The morphological changes of mast cells are
characterized by 1. A marked loss of metachro
matic granules, associated with or without other
changes of the cells, and 2. polymorphisms in
size, shape, and staining. An increased degranu-
lation was the first change observed after injec-
tion, proceeding any of the polymorphic changes
of the cells. In the early specimens, dispersion of
metachromatic granules was generally seen in
the morphologically normal cells in the superficial
layer of dermis. The polymorphic cells appeared
mostly in the seventh and tenth day specimens.
Some of these cells were ruptured and discharged
metachromatic granules into the surrounding
tissues. In the thirtieth day specimens, some
large cells were seen but rarely associated with
disrupture or dispersion of granules. Smith et aL,
observed that the morphological changes of mast
cells were greatest at 7 to 10 days after irradia-
tion. Also, Fulton et at. (19) observed that blood
clotting time was most prolonged on the sixth
day after irradiation. In some of our thirtieth
day specimens, some large cells were still present,
but no more degranulation was noticed in either
large cells or normal cells than the control
animals. These findings seem to be of importance,
especially if their biological signfficance is dis-
cussed. For, if the clotting time is most prolonged
prior to or soon after appearance of polymorphic
cells, an increased loss of granules of normal cells
may be as significant as polymorphic cells in the
blood coagulation disturbance.
As to the relationship between the concentra-
tion of P and the changes of mast cells, it may
be stated that a loss of granules was noted as
early as one day after injection, at which time,
for instance, only 50 rep (12) had been received
by the skin-muscle. Polymorphic cells became
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prominent at 7 days post injection when less
than 200 rep had been delivered to the skin-
muscle. In contrast with the single X-ray irradia-
tion where the morphology of mast cells was
previously observed to have returned to normal
in 30 days (10), the polymorphic cells were still
observed at the same interval days with PD.
Loss of granules or degranulation of mast
cells is generally considered as a releasing process
of the contents, of heparin (17, 20) or others
(21). However, Antaloczy (22) held a different
view as to the degranulation process. He believed
that mast cells phagocytosed heparin and the
circulating heparin increased when this function
was inhibited. It seems to be sufficient evidence
(23, 24), that metachromatic granules in mast
cells are not active as anticoagulant. Asboe-
Hansen (21) believed that the granules in mast
cells were not heparin proper, but its precursors.
Jorpes et al. (2, 3) reported that heparin became
active by changing into the more highly sul-
furated form after release from the cell. There-
fore, it may be concluded that a marked loss of
granules is the basic feature in the changes of
mast cells after irradiation and the polymorphic
changes may be the secondary ones, giving an
impression that these are compensatory phe-
nomena.
Summary
1. The effects of intraperitoneally injected P
on mast cells in the skin of rats were studied.
2. The number of mast cells did not seem to
be significantly affected by the injection of 32
3. The morphological changes of mast cells
followed the injection included: 1) Metachro-
matic granules in the small cells of the superficial
layer of dermis became fewer. 2) Later, the cells
became irregular and polymorphic. These changes
were most conspicuous in the 7th and 10th day
specimens.
4. It was assumed that a marked loss of meta-
chromatic granules in the small cells were the
basic features of the morphological changes of
mast cells observed after the injection of PD.
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DISCUSSION
DR. MARION B. SULIBERGER (New York,
N. Y.): I would like to ask Dr. Fan a question,
if I may. Does he think that the "degranulation"
and expelling of the granules from the mast cells
indicates that there is more heparin going into
the blood?
DR. JULJN FAN (in closing): I would like to
thank you, Dr. Sulzberger, for your interest in
this subject. It is rather hard to answer this
question because of the limitation of the histol-
ogy within the fixed tissues. In the present study
naturally we do not know how much we can talk
about function of mast cells from the structure
observed but in addition to the present study,
from those chemical studies as done by Asboe-
Hansen or Jorpes, I am inclined to think the
increased degranulation observed in the present
study means increase of circulating heparin or
others.
DR. ALFRED HOLLANDER (Springfield, Mass.):
I would like to ask Dr. Fan, if he believes that
the degranulation of mast cells in his studies is
due to the effect of p32 Dr. Sheldon Sommers and
I are doing histochemical studies on leprosy of
the skin. We found mast cells in considerable
numbers in the cutis and also numerous extra-
cellular mast cell granules scattered through the
entire cutis. Our findings in a bacterial infection
such as leprosy somewhat match Dr. Fan's
observations.
DR. JULIN FAN: This is entirely my own per-
sonal feeling, that an increase of the number of
mast cells in the certain tissues seen in certain
diseases does not influence the content of cir-
culating. Only the degranulating cells contribute
in the amount of circulating heparin or others.
That is my point.
